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Novel VHL substrate targets SFMBT1 and ZHX2 may be
important prognostic predictors in patients with ccRCC
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Abstract. Renal cell carcinoma is one of the most malignant
cancers, with limited prognostic prediction system. The
present study aimed to determine the prognostic value of novel
von Hippel-Lindau (VHL) substrate targets in predicting the
outcome of clear cell renal cell carcinoma (ccRCC). A total
of 97 patients with ccRCC were enrolled in the present study,
and the tissue microarray that was constructed using 97
ccRCC samples was used for immunohistochemical analysis.
Univariate and multivariate Cox regression analyses were
performed to determine the independent prognostic factors.
Reverse transcription-quantitative PCR analysis demonstrated
that the mRNA expression levels of scm-like with four malig-
nant brain tumor domains (SFMBT1) and zinc fingers and
homeoboxes 2 (ZHX2) were upregulated in cancer tissues
compared with adjacent normal tissues. Among the 97 patients
with ccRCC, SFMBT]1 expression was upregulated in 61.9%
(60/97), while ZHX?2 expression was upregulated in 52.6%
(51/97). Overall survival (OS) and disease-free survival (DFS)
analyses indicated that SFMBT1 or ZHX2 alone were of
limited predictive value; however, the combined expression
of these two targets (high SFMBT1 and high ZHX?2 expres-
sion, SHZH group) was significantly associated with OS
(P=0.0350) and DFS (P=0.0434). In addition, multivariate
analysis identified SHZH as an independent prognostic factor
in patients with ccRCC. Taken together, these results suggest
that SFMBT1 and ZHX2 act as novel substrate targets of
VHL and, to the best of our knowledge, the present study was
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the first to provide insight on the co-expression of these two
targets in representing a promising biomarker to predict the
outcome of patients with ccRCC.

Introduction

Renal cell carcinoma (RCC) is the most lethal urological
cancer, with an estimated 62,000 new cases diagnosed in
the United States in 2020 (1). The most common histological
subtype of RCC is clear cell (cc) RCC, which accounts for
~80% of all cases (2). It is well-known that a germline muta-
tion in the von Hippel-Lindau (VHL) gene plays an important
role in ccRCC development, and the loss of function of the
VHL protein (pVHL) may also be associated with resistance
to cytotoxic chemotherapy (3,4). Currently, renal surgery
is extensively used for localized RCC, while the treatment
options for patients with advanced or metastatic RCC (mRCC)
are limited. Targeted therapy, such as sunitinib or sorafenib,
is considered the standard first-line treatment for mRCC, and
is beneficial with regards to long-term survival (5). However,
the development of drug resistance is considered inevitable
following targeted therapy for 6-12 months (6). Currently,
several prognostic prediction models have been used to assess
the long-term outcomes of patients with RCC, such as the
Mayo Clinic Stage, Size, Grade and Necrosis score (7) and
the International Metastatic Renal Cell Carcinoma Database
Consortium (8). In addition, several studies have reported that
biomarker staining on postoperative pathology is an effective
method for predicting prognosis (9-11). However, due to the
heterogeneity of the molecular phenotype, single biomarker
staining may have limited prediction power (12). Thus, a
clinical outcome prediction model of multiple combined
biomarkers with high accuracy is required for patients with
RCC.

Previous studies have demonstrated that hypoxia-inducible
factor (HIF)la and HIF2a are regulated by pVHL-mediated
ubiquitination. The loss of pVHL function may promote HIFa
accumulation and translocation, thus contributing to the devel-
opment of RCC (13,14). Targeted therapy with tyrosine kinase
inhibitors, which directly target the downstream factors of the
HIFa pathway, is beneficial in the treatment of patients with
RCC, while the HIF2a inhibitor exhibits limited efficiency (15).
These findings suggest that there may be other signaling
pathways involved in VHL-deficient RCC. Zhang et al (16)
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identified zinc fingers and homeoboxes 2 (ZHX?2) as a novel
VHL substrate factor that promotes the development of
ccRCC. Subsequently, Zhu et al (17) reported that ZHX2 can
directly target the MEK/ERK signaling pathway in ccRCC
cell lines and induce sunitinib resistance by overexpressing
ZHX?2. In addition, scm-like with four malignant brain tumor
domains (SFMBT1) was also identified as a candidate VHL
target by genome-wide screening and SFMBT1 is considered
an oncogenic driver in ccRCC (18), however, its prognostic
value remains unclear.

The predictive ability of combining multiple novel VHL
substrate targets is yet to be investigated. Thus, the present
study aimed to investigate the clinical significance and prog-
nostic value of SFMBT1 combined with ZHX2, in the hope
to better understand the role of these novel VHL substrates in
targeted therapeutic intervention.

Materials and methods

Patients and tissues. A total of 97 patients, including 68
(70.1%) men and 29 (29.9%) women were enrolled in the
present study. with confirmed ccRCC pathology, who under-
went radical nephrectomy at Putuo hospital between January
2010 and December 2015, were enrolled in the present study.
Follow-up examinations (from January 2010 to January 2020,
including blood tests and CT/MRI, were performed every
6 months in the first 3 years, and once a year after that. All
medical records and laboratory information were collected,
including age, surgery time, sex, tumor size and tumor stage.
Those who received chemoradiotherapy prior to selection,
and had incomplete clinical records or missed follow-up were
excluded from the present study.

Atotal of five paired fresh tumor tissues and adjacent normal
tissues were collected (>3 cm apart) for RNA extraction and
to detect mRNA expression. The present study was approved
by the Ethical Review Boards of Putuo Hospital (Shanghai,
China, approval no. 20200130) and written informed consent
was provided by all patients prior to the study start.

Database analysis and survival data. The expression levels
of SFMBT1 and ZHX2 in kidney cancer were assessed using
the Gene Expression Profiling Interactive Analysis (GEPIA)
database (http://gepia.cancer-pku.cn). In addition, the GEPIA
database was used to retrieve information on the prognostic
values of SFMBT1 and ZHX2 in kidney cancer, including
overall survival (OS) and disease-free survival (DFS). The
survival rates were measured according to the data from
864 patients.

Tissue microarrays and immunohistochemistry (IHC). The
tissue microarray was constructed based on the tumor samples
of the 97 patients with ccRCC. The protocol was as follows:
1) Tissue chip was soaked in xylene for 10 min (three times);
2) hydrated with 100% ethanol (three times), 95% ethanol
(once), 85% ethanol (once), 75% ethanol (once) and washed
with distilled water (three times); 3) washed with PBS (5 min
each time); 4) incubated with 3% H,0, for 20 min at room
temperature to inhibit endogenous peroxidase activity and
washed with PBS (three times); 5) antigen repair: Incubated
with 1 mmol/l EDTA antigen repair solution for 10 min;

6) Incubated with 10% goat serum at room temperature for
10 min; 7) incubated with primary antibodies against SFMBT1
(1:200 dilution; cat. no. A303-221A; Bethyl Laboratories, Inc.)
and ZHX?2 (1:50 dilution; cat. no. GTX112232; GeneTex Inc.)
overnight at 4°C, and washed with PBS (three times); 8) incu-
bated with secondary antibody at room temperature for 1 h,
washed with PBS (three times). DAB chromogen was added
to observe the chromogen state under the light microscope
(magnification, x40), rinsed with distilled water. 10) Stained
with hematoxylin at room temperature: Soak the tissue chip in
hematoxylin solution (prepared at 1:20); 11) dehydrated with
75% ethanol for 10 sec, 85% ethanol for 10 sec, 95% ethanol
for 10 sec, 100% ethanol for 5 min (three times) and xylene
for 5 min (three times); 12) Sequestration. IHC analysis was
performed as previously described (19). IHC analysis was
performed to detect the expression levels of the novel VHL
substrate targets, SFMBT1 and ZHX2. The location and
expression of the targets were independently confirmed by two
pathologists at Putuo hospital.

The THC staining score was the sum of the staining
percentage and the intensity degree. Staining percentage was
calculated as follows: 1, 0-25; 2, 26-50; 3, 51-75 and 4, >75%,
while intensity degree was calculated as follows: 0, negative;
1, weak; 2, moderate and 3, strong. An IHC score <6 was clas-
sified as the low expression group, while an IHC score =6 was
classified as the high expression group (12). All patients were
divided into two groups, according to the combined expression
levels of SFMBT1 and ZHX?2. Patients with high SFMBT1
and ZHX?2 expression levels were classified into the SHZH

group.

Reverse transcription-quantitative (RT-q)PCR. Total RNA
was extracted from fresh tissue samples using TRIzol®
reagent (Thermo Fisher Scientific, Inc., cat. no. 15596018)
and trichloromethane (Nanjing KeyGen Biotech Co., Ltd.,
cat. no. C07615202). Total RNA was reverse transcribed into
cDNA using the HiScript IT Q RT SuperMix RT kit (+gDNA
wiper, cat. no. R223-01; Vazyme Biotech Co., Ltd.) at 50°C for
15 min and 85°C for 5 sec. qPCR was subsequently performed
using the SYBR Green kit (Takara Biotechnology Co., Ltd.),
according to the manufacturer's protocol. The following ther-
mocycling conditions were used for gPCR: 95°C for 30 sec,
cyclic reaction with 95°C for 10 sec, 60°C for 20 sec and 72°C
for 20 sec in 40 rounds. The following primer sequences were
used for gPCR: SFMBTI1 forward, 5-“TGCCACCATTTG
CTGAT-3' and reverse, 5S-TTTGTCCACCTCCATTCTG-3;
ZHX?2 forward, 5'-CTGCCTTAGCCCCACAC-3' and reverse,
5'-TGCTACCCAGTTCTCCCA-3"; and GAPDH forward,
5'-ACAGTCAGCCGCATCTTCTT-3' and reverse, 5'-GAC
AAGCTTCCCGTTCTCAG-3'. Relative expression levels
were calculated using the 2224 method (20) normalized to the
internal reference gene GAPDH.

Statistical analysis. Statistical analysis was performed
using SPSS 19.0 software (IBM Corp.) and GraphPad
Prism software (version 6; GraphPad Software, Inc.). Paired
Student's t-test or the Mann-Whitney test were used to
compare continuous variables, while Pearson's y* or Fisher's
exact tests were used to compare categorical variables. OS
and DFS analyses were performed using the Kaplan-Meier



ONCOLOGY LETTERS 21: 379, 2021

SFMBT1

ZHX2

Relative SFMBT1
mRNA expression

S )

éq' /\“J e“) /\b‘ éb‘ /\“J g)
Samples

Moderate

4

- —

{ =
N .0
X '@
IU)
o
2% 7
T<
02
xo

£

| @l I

«‘1' él' ,<5 é’b «b‘ é“ /\‘) ‘\‘)
Samples

«'\ e'\

Figure 1. Expression levels of SFMBT1 and ZHX2 in ccRCC samples. (A) Representative images of SFMBT1 and ZHX?2 expression levels in ccRCC samples.
Scale bar, 100 ym. (B) Relative mRNA expression levels of (B) SFMBT1 and (C) ZHX2 in fresh ccRCC tissues and adjacent normal tissues. "P<0.05. SFMBTI,
scm-like with four malignant brain tumor domains; ZHX2, zinc fingers and homeoboxes 2; ccRCC, clear cell renal cell carcinoma; T, tumor; N, normal.

method and log-rank test. Univariate Cox regression anal-
ysis was performed to determine the prognostic factors, and
significant variables were further analyzed via multivariate
Cox regression analysis to determine the independent
prognostic factors. P<0.05 was considered to indicate a
statistically significant difference.

Results

SFMBTI and ZHX?2 expression in ccRCC. The GEPIA data-
base was searched, which indicated that SFMBT1 expression
was downregulated in ccRCC tissues, while ZHX?2 expres-
sion was relatively upregulated in ccRCC tissue (Fig. S1).
[HC analysis was performed to detect the expression levels
of SFMBT1 and ZHX2 in ccRCC samples. As presented in
Fig. 1A, SFMBT1 was localized in the nucleus and cytoplasm,
while ZHX2 was predominantly localized in the nucleus, and
both proteins were upregulated in tumor tissues compared with
adjacent normal tissues. RT-qPCR analysis was subsequently
performed to confirm these results, which demonstrated that
the mRNA expression levels of SFMBT1 and ZHX2 were
upregulated in tumor tissues compared with adjacent normal
tissues (Fig. 1B and C).

The detailed clinicopathological characteristics of all
patients are presented in Table I. A total of 68 (70.1%) men and

29 (29.9%) women were enrolled in the present study. SFMBT1
expression was upregulated in 61.9% (60/97) of patients with
ccRCC, while ZHX2 expression was upregulated in 52.6%
(51/97) of patients. Notably, high SFMBT1 expression was
significantly associated with advanced tumor status (TNM
stage (21) and Fuhrman grade (22), while high ZHX2 expres-
sion was significantly associated with advanced Fuhrman
grade. Taken together, these results suggest that SFMBT1 and
ZHX2 act as oncogenes in ccRCC.

Prognostic values of SFMBTI and ZHX?2 in patients with
ccRCC. To determine the prognostic values of SFMBT1
and ZHX2 in ccRCC, patients were divided into two groups,
according to the combined expression levels of SFMBTI1 and
ZHX2. Of the 97 patients, 32 patients were classified into the
high expression group (SHZH group), while 29 patients were
classified into the low expression group (SLZL group); the
remaining 36 patients were defined as other group (SLZH or
SHZL groups).

Kaplan-Meier survival analysis was performed to
determine the prognostic values of SFMBT1 and ZHX2.
As presented in Fig. 2, the 5-year survival rates were 78.3
and 89.2% in patients with high and low SFMBT1 expres-
sion, respectively. In addition, patients with high SFMBT1
expression had a significantly lower OS rate (P=0.0179) than
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Table I. Clinicopathological characteristics of patients with clear cell renal cell carcinoma (n=97).

Tumoral SFMBT1 expression

Tumoral ZHX?2 expression

Characteristic Patients, n (%) Low High P-value Low High P-value

Patients 97 (100.0) 37 60 46 51

Sex 0.582 0.544
Male 68 (70.1) 26 42 32 36
Female 29 (29.9) 11 18 14 15

Age, years 0.507 0.531
<55 46 (474) 18 28 24 22
>55 51(52.6) 19 32 22 29

TNM stage 0.035 0.237
/I 87 (92.8) 36 51 43 44
v 10 (7.2) 1 9 3 7

Fuhrman grade 0.046 0.043
I/ 76 (78.4) 33 43 40 36
v 21 (21.6) 4 17 6 15

Tumor size, cm 0.298 0413
<4 40 (41.2) 17 23 20 20
>4 57 (58.8) 20 37 26 31

TNM, tumor-node-metastasis; SFMBT1, scm-like with four malignant brain tumor domains; ZHX2, zinc fingers and homeoboxes 2.
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Figure 2. Kaplan-Meier survival analysis of patients with clear cell renal cell carcinoma, based on SFMBT1 and ZHX2 expression levels. (A) OS rate and
(B) DFS rate curves based on SFMBT1 expression. (C) OS rate and (D) DFS rate curves based ZHX?2 expression. SFMBT1, scm-like with four malignant brain
tumor domains; ZHX2, zinc fingers and homeoboxes 2; OS, overall survival; DFS, disease-free survival.

those with low SFMBT1 expression. DFS was comparable
between patients with high and low SFMBT1 expression
levels. Notably, no significant differences were observed in
the OS and DFS rates between patients with high and low
ZHX?2 expression.

The GEPIA database was searched to retrieve information
on the prognostic values of SFMBT1 and ZHX?2. As presented

in Fig. S2, no significant differences in OS and DFS analyses
were observed. Subsequently, the prognostic value of SFMBT1
combined with ZHX2 in ccRCC was assessed. The OS and
DEFS rates in different groups are presented in Fig. 3A and B,
there was no significant difference between these groups, and
patients in the SHZH group had a worst outcome. As presented
in Fig. 3C and D, patients in the SHZH group had significantly



ONCOLOGY LETTERS 21: 379, 2021 5

Table II. Univariate and multivariate Cox regression analyses based on overall survival.

Univariate analysis Multivariate analysis

Variable HR 95% CI P-value HR 95% C1 P-value
SFMBT1 expression (Low vs. High) 0.583 0.435-1.491 0.042 0.582 0.234-1.283 0.152
ZHX?2 expression (Low vs. High) 0.382 0.273-0.825 0.083 - - -
SHZH expression (SHZH vs. Other) 0.343 0.213-0.628 0.003° 0.252 0.203-0.755 0.021*
Age, years (<55 vs. >55) 1.342 0.893-1.582 0.039* 1.120 0.723-1.321 0.342
TNM stage (I/11 vs. III/IV) 5.823 2.783-10.809 <0.001¢ 3.012 2.783-8.283 0.031*
Fuhrman grade (I/I1 vs. III/IV) 6.261 3.172-9.632 0.001° 4.391 1.653-7.402 0.093*
Tumor size, cm (<4 vs. >4) 3.869 1.873-8.846 0.021* 2.097 1.072-7.842 0.048*

P<0.05; *P<0.01; “P<0.001. SFMBT1, scm-like with four malignant brain tumor domains; ZHX2, zinc fingers and homeoboxes 2; SHZH,
SFMBT1 high and ZHX?2 high; TNM, tumor-node-metastasis; HR, hazard ratio; CI, confidence interval; -, not applicable.

Table III. Univariate and multivariate Cox regression analyses based on disease-free survival.

Univariate analysis Multivariate analysis

Variable HR 95% CI P-value HR 95% CI P-value
SFMBT1 expression (Low vs. High) 0472 0.235-1.145 0.148 - - -
ZHX?2 expression (Low vs. High) 0.455 0.334-0.893 0.273 - - -
SHZH expression (SHZH vs. Other) 0.388 0.234-0.962 0.009° 0.394 0.303-1.274 0016
Age, years (<55 vs.>55) 1.538 0.712-1.863 0.041* 1.684 0.592-1.702 0.281
TNM stage (I/11 vs. III/IV) 4.172 2.653-8.082 <0.001¢ 3.712 2.301-9.729 0.030*
Fuhrman grade (I/II vs. III/IV) 6.261 3.172-9.632 0.001° 4.391 1.601-8.784 0.086
Tumor size, cm (<4 vs. >4) 3.142 1.421-6.429 0.039* 2.537 1.694-8.893 0.072

"P<0.05; *"P<0.01; ‘P<0.001. SFMBT1, scm-like with four malignant brain tumor domains; ZHX2, zinc fingers and homeoboxes 2; SHZH,
SFMBT1 high and ZHX?2 high; TNM, tumor-node-metastasis; HR, hazard ratio; CI, confidence interval; -, not applicable.
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Figure 3. Kaplan-Meier survival analysis of patients with clear cell renal cell carcinoma, based on combined expression levels of SFMBT1 and ZHX2. (A) OS
rate and (B) DFS rate curves based on combined expression levels of SFMBT1 and ZHX2. (C) OS rate and (D) DFS rate analyses of patients in the SHZH and
SLZL groups. SEFMBT1, scm-like with four malignant brain tumor domains; ZHX2, zinc fingers and homeoboxes 2; OS, overall survival; DFS, disease-free
survival; SHZH, SEFMBT1 high and ZHX2 high; SLZL, SFMBT1 low and ZHX?2 low.
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worse OS (P=0.0352) and DFS (P=0.0434) rates compared
with patients in the SLZL group.

Combined expression of SFMBTI and ZHX2 may be an
independent factor in ccRCC prognosis. The prognostic
value of different factors on OS and DFS was determined
via univariate and multivariate Cox regression analyses
(Tables II and IIT). Univariate analysis demonstrated that
SFMBT1 expression was significantly associated with OS rate
[hazard ratio (HR), 0.583; P=0.042; Table II], while SHZH
(combined expression group), age, TNM stage, Fuhrman grade
and tumor size were significantly associated with OS and DFS
rates (Tables II and III). Multivariate analysis demonstrated
that SHZH was an independent predictive factor of OS (HR,
0.252; P=0.021) and DFS (HR, 0.394; P=0.016) rates for
patients with ccRCC. Collectively, these results suggest that
the combined expression of SFMBT1 and ZHX2 may be used
as a promising prognostic factor in predicting the outcomes of
patients with ccRCC.

Discussion

The present study investigated the expression levels of
SFMBT1 and ZHX?2 in ccRCC tissues. The results demon-
strated that both genes were relatively upregulated in cancer
tissues compared with adjacent normal tissues. As both genes
are considered VHL substrate factors, their combined predic-
tion value in ccRCC prognosis was assessed in the present
study. The association between SFMBT1/ZHX2 expression
and clinicopathological characteristics demonstrated that both
genes act as oncogenes in ccRCC development. Furthermore,
Kaplan-Meier survival analysis indicated that the combined
expression of SFMBT1 and ZHX?2 was significantly associated
with OS and DFS, and patients in the SHZH group had lower
survival rates. Thus, SHZH was identified as an independent
predictor for ccRCC outcomes.

SFMBTI is a member of the MBT domain-containing
protein family, which plays a critical role in chromatin
regulation (23). Tang et al (24) reported that SFMBT1 is an
essential part of LSDI in genetic modification, and SFMBT1
is associated with epithelial-to-mesenchymal transition
and poor prognosis in human breast cancer. Furthermore,
Liu et al (18) demonstrated that SFMBT1 is regulated by
pVHL via a prolyl hydroxylation and proteasomal degradation
process, similar to HIFs and ZHX2. Their research found that
overexpression of SFMBT1 promotes cell proliferation and
tumor growth in ccRCC. Furthermore, the importance of the
pVHL-SFMBTI1-SPHKI signaling pathway in ccRCC devel-
opment was identified.

The role of ZHX?2 in cancer remains controversial.
Previous studies have reported that ZHX2 plays a dual
role as both an oncogene and tumor suppressor (25-27).
Zhang et al (16) identified ZHX2 as a VHL novel substrate
factor, and ZHX2 is regulated by pVHL-mediated degrada-
tion. The in vitro experiments demonstrated that ZHX2
depletion can significantly downregulate NF-xB activation,
thereby inhibiting the proliferation and tumor-forming
ability of ccRCC cells. Zhu et al (17) used a ZHX?2 over-
expression lentivirus to transfect 786-O and CAKI-1 cells
for lineage reprogramming, and the transcriptome analysis

revealed that ZHX2 overexpression can directly activate the
MEK/ERK1/2 signaling pathway, which in turn activates
ccRCC angiogenesis and development.

The two novel VHL substrate factors, SFMBT1 and ZHX?2,
appear to have the same mechanism of action; however, they
may activate different signaling pathways in ccRCC cell lines.
Further studies are required to confirm the prognostic value
of combining the transcription factors in RCC. To the best of
our knowledge, the present study was the first to investigate
the co-expression level of these two genes in ccRCC samples
and assess their association with prognostic outcomes. In the
present study, survival analysis demonstrated that combined
high expression levels of SFBMT1 and ZHX?2 were associated
with poor clinical outcomes in patients with ccRCC. However,
larger sample sizes and multicenter data are required to verify
the results presented here.

In conclusion, SHZH appears to be a promising prognostic
predictor in patients with ccRCC, and the result of the present
study provide novel insight into advanced ccRCC treatment
and follow-up.
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